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(54) Rubber composition for a steel belt of a tyre. 

(57) A rubber composition for a steel belt of a tyre 
particularly for improved steering stability and 
reduced rolling resistance comprising : 100 
parts by weight of a diene rubber containing at 
least either one of natural rubber and polyisop- 
rene as a main component thereof; 60 to 90 
parts by weight of a carbon black having an 
iodine adsorption of 50 to 100 mg/g and a 
dibutylphthalate absorption of 100 to 160 
ml/100g ; 5 to 6 parts by weight of sulfur ; 1.5 to 
3 parts by weight of a sulfenamide-based vul- 
canisation accelerator ; 2 to 5 parts by weight of 
a modified methylolmelamine resin ; and 2 to 5 
parts by weight of a modified resorcinolformal- 
dehyde. 
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The present invention relates to rubber compositions for a steel belt of a tyre for a vehicle and, more par- 
ticularly, to rubber compositions for steel belts which satisfy requirements for improved steering stability and 
reduced rolling resistance. 

With the recent performance improvement of vehicles, one performance requirement of tyres is to provide 
5 improved steering stability. One method that meets such requirement is to increase the hysteresis loss of the 
tread rubber to improve the gripping force against the road surface. However, tread rubber compositions hav- 
ing a greater hysteresis loss tend to deteriorate the rolling resistance of a tyre. 

A tyre includes a belt 3 (or breaker) having a width nearly equal to a tread width and interposed between 
a carcass portion 2 and a tread portion 1 . The belt 3 serves to radially compress the entire tyre as well as to 
10 maintain the circumferential rigidity of the tyre. Therefore, the steering stability can be ensured by employing 
less stretchable and highly rigid belt 3. 

It is, therefore, an object of the present invention to provide a rubber composition for a steel belt which 
can provide improved steering stability and rolling resistance. 

The inventors of the present invention have found that requirements for improved steering stability and 
15 for reduced rolling resistance can both be satisfied by improving the rubber composition which is to be disposed 
around a belt made of steel (hereinafter referred to as "rubber for steel belt"), and hence attained the present 
invention. 

According to the present invention a rubber composition for a steel belt comprises: 100 parts by weight of 
a diene rubber containing at least either one of natural rubber and polyisoprene as a main component thereof; 

20 60 to 90 parts by weight of a carbon black having an iodine adsorption of 50 to 100 mg/g and a dibutylphthalate 
absorption of 1 00 to 1 60 ml/1 OOg; 5 to 6 parts by weight of sulfur; 1 .5 to 3 parts by weight of a sulfenamide- 
based vulcanisation accelerator; 2 to 5 parts by weight of a modified methylolmelamine resin; and 2 to 5 parts 
by weight of a modified resorcinolformaldehyde. 

Various other objects, features and attendant advantages of the present invention will be more fully ap- 

25 preciated as the same becomes better understood from the following detailed description in conjunction with 
the attached drawing in which: 

Figure 1 is a sectional view of a tyre. 
A carbon black to be blended in the rubber composition of the present invention has an iodine adsorption 
of 50 to 100 mg/g and a dibutylphthalate absorption (hereinafter referred to as "DBP absorption") of 100 to 

30 1 60 ml/1 OOg. A carbon black having an iodine adsorption of less than 50 mg/g is not used, because such carbon 
black reduces the elasticity modulus of the rubber composition and hence deteriorates steering stability of the 
tyre. Acarbon black having an iodine adsorption of greater than 100 mg/g is also not used, because such carbon 
black deteriorates the workability and dispersibility on kneading or mixing the- rubber composition, and results 
in a loss tangent of the rubber composition so high that the rolling resistance of the tyre is poor. A DBP ab- 

35 sorption of less than 100 ml/1 OOg results in a rubber composition naving a low elasticity modulus so that the 
steering stability cannot be sufficiently improved. On the other hand, a DBP absorption of greater than 160 
ml/1 OOg results in a rubber composition having an excessively high elasticity so that the durability of the tyre 
is deteriorated. In addition, the loss tangent of such rubber composition is so high that the rolling resistance 
of they tyre is degraded. Therefore a DBP absorption of less than 100 ml/1 OOg or greater than 160 ml/1 OOg is 

40 not used. 

The blending ratio of the carbon black having the aforesaid properties is 60 to 90 parts by weight relative 
to 100 parts by weight of the rubber component. If the blending ratio is less than 60 phr, the elasticity modulus 
of the rubber composition is too low to sufficiently improve the steering stability. On the other hand, if the blend- 
ing ratio is greater than 90 phr, the elasticity modulus of the rubber composition is so high that the steering 
45 stability is deteriorated. In addition, the loss tangent of the rubber composition is increased, thereby degrading 
the rolling resistance of the tyre. Therefore, a blending ratio of less than 60 phr or greater than 90 phr is not 
preferable. 

The blending ratio of sulfur is 5 to 6 parts by weight relative to 1 00 parts by weight of the rubber component. 

If the blending ratio is less than 5 phr, the adhesion of the rubber composition to steel cord is insufficient, there- 
50 by deteriorating the durability of tyres. Furthermore, the loss tangent of the rubber composition is increased, 

thereby degrading the rolling resistance of the tyre. On the other hand, if the blending ratio is greater than 6 

phr, blooming of excessive sulfur occurs, so that the workability of the rubber composition is deteriorated. 

Therefore, a blending ratio of less than 5 phr or greater than 6 phr is not used. 

The blending ratio of the sulfenamide-based vulcanisation accelerator is 1 .5 to 3 parts relative to 1 00 parts 
55 of the rubber component. If the blending ratio is less than 1.5 phr, the adhesion of the rubber composition to 

steel cord is not enough because of insufficient vulcanisation. -If the blending ratio is greater than 3 phr, the 

elasticity modulus of the rubber composition is so high that the durability of the tyre is deteriorated. Therefore, 

a blending ratio of less than 1 .5 phr or greater than 3 phr is not used. 
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A modified methylolmelamine resin and a modified resorcinolformaldehyde are added to improve the ad- 
hesion of the rubber composition to the steel cord. The modified methylolmelamine resin herein is obtained 
by way of etherification of a methylolmelamine resin. The monomer unit of the modified methylolmelamine res- 
in is represented by the following formula (1) 

5 

KOH2C CH2OR 

n' 

| 

A, 

N* N 

N l CH2OR 

>N N 

\ CH:OR 
20 

The modified resorcinolformaldehyde is obtained byway of alkylation of a resorcinolformaldehyde, and is 
represented by the following formula (2): 

25 



OH OH OH 



30 




A curing reaction between a methylene group (methylene donor) of the modified methylolmelamine resin 
and a hydroxyl group (methylene acceptor) of the modified resorcinolformaldehyde contributes to the adhesion 

40 of the rubber composition to the steel cord. This adhesive effect increases the complex elasticity modulus of 
the rubber composition co-operatively with the vulcanisation of the rubber itself, thereby reducing the loss tan- 
gent. The ratio of the modified methylolmelamine resin to the modified resorcinolformaldehyde is preferably 
from 1:1 to 2:1. The blending ratio of each of the resins in the rubber composition is preferably 2 to 5 parts by 
weight relative to 100 parts of the rubber component. If the blending ratio of each of the resins is greater than 

45 5 phr, the curing rate becomes higher (or scorching time becomes shorter), thereby deteriorating the workability 
of the rubber composition. 

In addition to the aforesaid compounds, additives generally used in the rubber industry may, as required, 
be added to the rubber composition of the present invention. For example, 0.5 to 5 parts of an organic cobalt 
salt is preferably blended in the rubber composition. The organic cobalt salt serves to crosslink the rubber com- 

50 ponent and steel cord increasing the adhesive force between the rubber component and steel cord, thereby 
contributing to an improvement of the durability of tyres. However, if the amount of organic cobalt salt is ex- 
cessive, more specifically, the blending ratio thereof is greater than 5 phr, deterioration of the rubber compo- 
sition due to oxidation occurs. As well as the organic cobalt salt, there may, as required, be added antioxidant, 
softening agent, zinc white, stearic acid or a like additive. 

55 The foregoing rubber composition, especially, obtained after the vulcanisation preferably has such rubber 

properties that the complex elasticity modulus is 18.0 to 28.0 MPaand the loss tangent is 0.07 to 0.12. In gen- 
eral, a complex elasticity modulus of less than 18.0 MPa does not ensure sufficient steering stability, and a 
complex elasticity modulus of greater than 28.0 -MPa is liable to deteriorate the vehicle-riding comfort and to 
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reduce the durability of the tyre. Therefore, a complex elasticity modulus of less than 18.0 MPa orgreaterthan 
28.0 MPa is not preferable. On the other hand, a loss tangent of less than 0.07 results in unstable steering 
performance, while a loss tangent of greater than 012 degrades the rolling resistance. Therefore, a loss tangent 
of less than 0.07 or greater than 0.12 is not preferable. 

5 The rubber composition for steel belt of the aforesaid composition thus described allows the steering sta- 

bility of a vehicle to be improved without increasing the rolling resistance of a tyre. Therefore, the use of rubber 
composition for steel belt in accordance with the present invention makes it possible to build tyres that satisfy 
requirements for the rolling resistance, steering stability and riding comfort. 

The rubber composition of the present invention will hereinafter be more specifically described by way of 

10 the following specific examples. It should be noted that these examples are not limiting of the present invention. 

Rubber compositions in accordance with Example 1 to 4 and Reference Example 1 to 8 were each prepared 
by blending substances as shown in Table 1 in a blending ratio as shown also in Table 1. Among these rubber 
compositions, Reference Example 1 is a rubber composition which is now typically used for steel belt. 



Table 1 





Rubber compositions 


Examples 


Reference Examples 






1 


2 


3 


4 


1 


2 


3 


4 


5 


6 


7 


8 


20 


Natural rubber 
Isoprene rubber 
Carbon black A 


100 


100 


100 


80 
20 


100 


100 


100 
80 


100 


100 


100 


100 


100 


25 


Carbon black B 
Carbon black C 


60 


60 


80 


60 


60 


60 




80 


80 


80 


95 


50 




Insoluble sulfur 


6 


6 


6 


6 


4 


6 


6 


6 


4 


7 


6 


6 


30 


Vulcanisation accelera- 
tor 


2.5 


2.5 


2.5 


2.5 


1 


2.5 


2.5 


2.5 


1 


4 


2.5 


2.5 




Modified methylolme- 
lamine resin 


3 


5 


5 


5 






5 


5 


5 


5 


3 


3 


35 


Modified resorcinolfor- 
maldehyde resin 


3 


3 


3 


3 






3 


3 


3 


3 


3 


3 




Cobalt naphtenate 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 




Antioxidant 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 
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Table 2 



Carbon black 


Iodine adsorption 


DBP absorption 


(name) 


(mg/g) 


(ml/100g) 


A(N219 


118 


78 


B(N351) 


68 


120 


C (N550) 


43 


121 



The properties of the carbon blacks A, Band C shown in Table 1 are shown in Table 2. As can beunderstood 
therefrom, the carbon Black B satisfies the requirement of the present invention. Poly-(2,2,4-trimethyl-1,2- 
dihydroquinoline) and N,N-dicyclohexyl-2-benzothiazolylsulfenamide were used as the antioxidant and vulcan- 
55 ising agent, respectively. SUMIKANOL 507 (represented by the formula (3)) and SUMIKANOL 620 (represent- 
ed by the formula (4)) both available from Sumitomo Chemical Co Limited were used as the modified methy- 
lolmelamine resin and modified resorcinolformaldehyde resin, respectively. 
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15 



r HOH2C 



H3COH2C 



CH2OCH3 



N 




CH2OCH3 



CH2OCH3 



OCH3 



J 



20 



25 



30 



OH 



OH 



OH 




CH2 



HO 




OH 



SUMIKANOL 507 is a mixture of a partial condensate of hexamethylolmelamine pentamethyl ether and 
silica, and the content of silica is 50% by weight. 

35 These rubber compositions were vulcanised under the same conditions to prepare vulcanised rubber test 

strips. Then, the complex elasticity moduli (E*) and loss tangents (tan5) of the respective vulcanised rubber 
test strips were measured by means of a viscoelasticity spectrometer (Iwamoto Seisakusho Co) with a fre- 
quency of 1 0 Hz and a dynamic strain of 2% at a temperature of 70°C. 

In turn, tyres (185/65R14) were built using the aforesaid respective rubber compositions as the topping 

40 or coating rubber for the steel belt. Each set of tyres were fitted in turn to a vehicle (FR car made in Japan), 
and then the ride comfort, steering stability during lane changing of the vehicle and rolling resistance were 
measured. The measured results are shown in Table 3. The ride comfort and steering stability were determined 
by sensory evaluation using a ten-level ration (1 to 10), and ratings of not lower than 6 were regarded as passing 
the test. The rolling resistance was represented by an index calculated with the rolling resistance of Reference 

45 Example 1 being 100. A smaller index means a smaller rolling resistance, and is considered to be more pre- 
ferable. 
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Table 3 



Rubber compositions Examples 





1 


2 


3 


4 


Viscoelasticity 










E* 


22.5 


24.5 


27.0 


24.0 


. tan8 


0.08 


0.08 


0.11 


0.08 


Tyre performance 










Rolling resistance 


100 


100 


101 


100 


Steering stability 


6 


6 


7 


6 


Riding comfort 


6 


6 


6 


6 



Rubber compositions Reference examples 





1 


2 


3 


4 


5 


6 


7 


8 


Viscoelasticity 


















E* 


7.8 


12.4 


30.7 


16.5 


24.5 


30.0 


25.4 


16.0 


tan5 


0.13 


0.07 


0.16 


0.09 


0.20 


0.09 


0.20 


0.06 


Tyre performance 


















Rolling resistance 


100 


98 


105 


100 


105 


102 


106 


98 


Steering stabilhy 


5 


5 


7 


5 


7 


6 


7 


5 


Riding comfort 


7 


7 


5 


6 


6 


5 


4 


6 



30 

As can be understood from Table 3, where the complex elasticity modulus is 18.0 or less or where the 
loss tangent is 0.7 or less, the steering stability is insufficient. On the other hand, where the complex elasticity 
modulus is 28.0 or greater or where the loss tangent is 0.12 or greater, the rolling resistance is undesirably 
high and the riding comfort is degraded. 

35 As can be understood from the comparison between Examples 2 and 4 and Reference Examples 3 and 

4 shown in Table 3, the complex elasticity modulus E* and loss tangent tan5 can be maintained in a desired 
range by blending the carbon black B having an iodine adsorption of 40 to 100 mg/g in the rubber composition, 
and thus the requirements for steering stability, rolling resistance and riding comfort can be satisfied. An ex- 
cessively high blending ratio of the carbon black B results in a high loss tangent tana and a high rolling resis- 

40 tance, thereby deteriorating the riding comfort (see examples 1 to 4 and reference example 7). An excessive 
low blending ratio of the carbon black B results in a low complex elasticity modulus E* and an excessively low 
rolling resistance, thereby deteriorating the steering stability (see examples 1 to 4 and reference example 8). 

As can be understood from the comparison between Example 3 and Reference Example 5, where the con- 
tents of both sulfur and sulfenamide-based vulcanisation accelerator are small, the vulcanisation of the rubber 

45 composition is insufficient, and results in the likelihood of increased loss tangent tan5 and rolling resistance. 

Further, as can be appreciated from the comparison between Examples 1 , 2 and 4 and Reference Example 
2, the complex elasticity modulus E* and loss tangent tan6 can be improved by blending the modified methy- 
lolmelamine resin and modified resorcinolformaldehyde in respective predetermined amounts in the rubber 
composition. 

50 

Claims 

1. Arubbercompositionforasteel belt for a tyre, comprising 100 parts by weight of ad iene rubber containing 
55 at least either one of natural rubber and polyisoprene as a main component thereof; 60 to 90 parts by 

weight of a carbon black having an iodine adsorption of 50 to 100 mg/g and a dibutylphthalate absorption 
of 100 to 160 ml/100g; 5 to 6 parts by weight of sulfur; 1.5 to 3 parts by weight of a sulfenamide-based 
vulcanisation accelerator; 2 to 5 parts by weight of a modified methylolmelamine resin; and 2 to 5 parts 
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by weight of a modified resorcinolformaldehyde. 

A rubber composition for a steel belt as set forth in claim 1 , characterised in that the blending ratio of said 
modified methylolmelamine resin to said modified resorcinolformaldehyde resin is 1:1 to 2:1. 

A rubber composition for a steel belt- as set forth in claim 1 or 2, characterised by 0.5 to 5 parts by weight 
of an organic cobalt salt. 

A rubber composition for a steel belt as set forth in any claims 1 to 3, characterised in that a complex elas- 
ticity modulus of 18.0 to 28.0 MPa and a loss tangent of 0.07 to 0.12. 

A rubber composition for a steel belt as set forth in any of claims 1 to 4, characterised in that the blending 
ratio of said modified methylolmelamine resin to said modified resorcinolformaldehyde resin is 1:1 to 2:1. 

A rubber composition for a steel belt as set forth in any of claims 1 to 5, characterised by 0.5 to 5 parts 
by weight of an organic cobalt salt. 

A tyre comprising a rubber composition as recited in claims 1 to 6, which is disposed around a steel belt 
and vulcanised. 
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